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STUDY OF EMI/RFI SEALS ON durability. Therefore, the U.S. Army Construction
SHIELDED-ENCLOSURE Engineering Research Laboratory (CERL) studied the
PERSONNEL ACCESS DOORS effects of aging, adverse environmental conditions, and

manufacturers' recommended maintenance procedures
on different EMI/RFI seal designs for personnel access

1 INTRODUCTION 
doors.

Objective
The objectives of this study were to:

Background I. Assess the relative shielding capabilities of three
Military forces are increasingly reliant on complex different EMI/RFI door seal designs.

electronic equipment to complete their missions suc-
cessfully. As electronic equipment grows more complex, 2. Assess the effects of aging and wear on the three
it generally becomes more susceptible to electromag- door seal designs when no maintenance procedures were
netic interference (EMI) and radio frequency interfer- applied.
ence (RFI). Consequently, sensitive electronic equip-
ment is often placed in EMI/RFI shielded enclosures 3. Assess the benefits and shortcomings of manu-
(tactical shelters and screen rooms, for example) to facturers' recommended maintenance procedures, when
protect it from unwanted electromagnetic energy. available, for the door seal designs.

The U.S. Army uses electromagnetic shielding in 4. Determine how electroplating tin on door seal
rarit, military construction projects, including weapon contacts might affect the shielding effectiveness of the
control facilities (e.g., the SAFEGUARD Anti-Ballistic EMI/RF1 seal. Tin is a soft metal that provides a mechan-
Missile facilities), underground secure command centers, ical ble-d on closure of the contacts. Also, tin oxide.
secure communications facilities, command and control the product of the corrosion of tin, is conductive.
center buildings on military bases, electronic main-
tenance shops, and electronic research and development Scope
facilities. This study is concerned with EMI/RFI door seal

designs found on both shielded tactical shelters and
When shielded enclosures are built. discontinuities permanent, fixed, shielded facilities. The study has

in the shield cannot be avoided at panel joints, cable considered EMI/RFI shielding aspects of door seals.
entry points, ventilation openings, and personnel access but has not directly investigated electromagnetic pulse
doors. EMI/RFI leakage at these discontinuities can (EMP) hardening.
threaten the integrity of the enclosure's shielding
effectiveness. One of the most difficult tasks for the The door seal designs studied included one that used
designer of a shielded enclosure is to provide a reliable mesh gasket contacts and two that used beryllium-
EMI/RFI seal around the personnel access door. This copper fingerstock contacts. Spira contact designs and
seal is subjected to continual wear throughout the life- air-expandable doors were not studied. The effects of
time of the enclosure and is particularly vulnerable to aging were studied for contacts supplied by manufac-
adverse environmental conditions. turers, but not for contacts that had been plated with

tin after installation.
Although an EMI/RFI door seal may conform to

shielding specifications immediately after it is installed. Approach
it is likely that its ability to provide good electrical Laboratory testing was used to evaluate EMI/RFI
contact around the door will degrade in time due to door seal designs under various conditions. The effects
mechanical stresses and/or corrosion. Regular main- of aging, moisture, wear, maintenance procedures. and
tenance and even periodic replacement of the EMI/RFI tin electroplating on the integrity of the EMI/RFI seals
seal contacts may be necessary to insure continued were studied.
shielding integrity.

Mode of Technology Transfer
Several designs for EMI/RFI seals on personnel It is anticipated that this study will impact on the

access doors are available; however, little has been done revision of Technical Manual TM 5-855-5, NVuclear
to evaluate their relative shielding performance or Electromagnetic Pulse (NEMP) Protection.
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2 EMI/RFI DOOR SEAL DESIGNS kltZ. Ilhus. all ,Igtficanl l:MI/RIH le'akage t'ller, i lc
rootn at the personnel access door-. 1-urthermojc. tre

wiping/compression and knife edge door, are mnutted

To provide art EMI/RFI seal around a personnel on opposite walls of the room.
access door. good electrical contact must be main-
tained at all points around the edges between the door
jamb and the door itself. Three different designs were
investigated for this study, representative of EMI/RFI EMI/RFI TEST PROCEDURES
door seal state of tire art.

Figure I is a schematic diagram of the doutble-mesh Shielding effectiveness measurements were mr&.
gasket. This door is mounted on a prototype, 80-dB. for magnetic fields at 200 kltz. 2 Mlz. and 20 Mtti.
S280 tactical shelter (Figure 2) with all-welded wall- and for plane waves at 2.5 GHz. NJ mreasurementN vcie
panel seams. Tire personnel access door is tie only made for electric fields. Ii most of tihe inm estigatm s.
penetration through the shelter, so it is rite main source magnetic field measurements at 200 kil/ and plane A as e
of EMI/RFI leakage. Figures 3 arid 4 show close-ups measurements at 2.5 GUlz were enough to ,hoA the
of the door edge and doorjamb, respectively. The metal effects of experimental paramteter,
mesh gasket is constructed of tin on copper on steel.
Steel is used for strength, copper for high conductivity, Magnetic field meastetnents were taken at test
and tin for low contact resistance and corrosion resis- points along the door seals with 12-in. (304.8-nrmi-
tance. (Tin oxide is conductive.) The knife edge that diameter loop artennas positioned in the coaxial orien-
mates with the nesh gasket is made of aluminum coated tation spaced 12 in. (304.8 nini) from either sidc J
with alodine. the wall (see Figure 1l). Twelve test points were used

on all doors (except where noted otherwise) and are
Figure 5 is a schematic diagram of the second type labeled as shown in Figure 17.

of EMI/RFI door seal that was investigated. This con-
tact arrangement is known as a wiping/compression TFhe plane wave measurements were made using horn
contact fingerstock gasket (see Figure 6). Its name is antennas positioned I in from either side of the shelter
derived from the fact that one row of fingerstock makes wall opposite the test point (see Figure 18). This tech-
wiping contact with the door jamb. and the other row nique was used for making plane wave measurenents
makes compression contact. Figures 7 and 8 show since it isolates test points along the seam more than
close-ups of the door edge and door jamb. The finger- tire procedures called for in MIL-STD-285' or IEEE
stock strips are made of a beryllium copper alloy and 299.' Furthermore, it is a more severe teat than tile
are continuously soldered to the door. Figure 9 shows IEEE 299 procedure. Figure 19 compares measure-
a view of the door contacts arid door jamb along the ments taken with the hotns positioned opposite the
hinge side of tire door. test point (noving transnitter)and measurements made

with the IEEE 299 procedure (stationary transmitter).
Figure 10 is a schematic diagram of the third type (Due to reflections and standing waves, it is hard to

of EMI/RFI door seal investigated. This design, known obtain good repeatability for plane wave measurements
asa recessed fingerstock contact design or "knife edge." at 2.5 GIlI.)
is found on the door shown in Figure II. Beryllium
copper fingerstock contact strips are recessed in the The inst ruuiteit t1tot used M (it' shhlig el tt1 ((W
door frame and make contact with a brass knife edge ness measurements is shown in Figure 20 and listed in

on the door when it is closed. Figures 12 and 13 show Table I.
close-ups of the knife edge door and the recessed con-
tacts.

i lilitarv Standard .4trenuation Measureeniits Jor kmlo.

Figures 14 atid 15 show tie shielded room on which sures, Electromagnetic Shielding. for Electronic Test Purposes.
Method of MIL-STD-285 ..S. Government Printing Office,

both the wiping/compression door and the knife edge June 1956).
door were tmounted. The room is a bolt-together, 2 Proposed IEFE Reconminend'd Pratice for leasurenic,,nt

double-wall-aluminum structure with all of the wall of Shielding Eff'ectirenes o/f mgh/ Performance Shielding En-

panel seams soldered. The soldered seams provide more closures. IEEE 299 (tnstitute of lectrical and Electronic
than 110 dB of shielding to a magnetic field of 150 Engineers [IEEEI. June 1969).
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Table I dooi uip to 81) dB , addition ut the cundu, lise fuhriiam 4
Shielding Effectiveness Measurement Instrumenttation hiouglir the average up to 104 d8 liowesei. the elle, i

c)lcacing anld luhrtcatitig at 2'.5 (,It/ were wl Ael

200 ee , 1z 5 neign Gneao dehnied. T-le cleier ittiuoed ihe shieiig eltt ive
\kj~c~k 14'SignalGenertortres.s at tis frekluenex Mser thle ".as re eved- Lndillulr

I-IN Model 311) L RI7 Power Amplifier at all but two test Points,. however. additlit of Tie
Stoddart NMt-I 2AT Radio Interferencee and Hield Intensit0 urcn i o oiiu iipo~tedrlrr

LP 105 I 2-in~ Loop Antenna ellf-ectiveness at 2.5 Gli
CI-RLI 2-in, Loop A-ntenna It Ifgh Powecr. I rmairoriin

I r(1 M Jearrer SvJ 1l.0 UscdJ fl! IlLC 11li')IC

2 INIH1 20 M111t Magnetic miesh 1,asket door IFigure ',gises tire result, or 011,

Replace Stoddart NM-I 2AT' with FMC25 Re~eiver test lot 2001 kil/ [lice lret did not signt-i att im-

prove the shielding ol'thIe dou hle-ttresl gasket door o~ei
2.5 Gli Plane Wave ~~rcie~cniit

Sioddart NM1-65T Receiver
Ailtech Model 189A Power Oscillator To investigate the ieative contribution of the inner
6-in. by' 8-in. Aperture Ilorns adotrgseso iedul-ehgse ott
Spemr D44S2 Isolator douegaktoftedul-shaktdoro

the total shielding, shielding effectiverress wa, rtreasired
with each gasket isolated. This asN dotne b\ tapitng one
gasket so that it would not make cotiact withr thle doot

4 EMI/RFI DOOR SEAL TESTS jamb. Thus, ony te uritaped gasket c:ontributed to tite
U AND TEST DATA ENlI/RFI seal. Figure 27 shouws the results iii this test

at 2(1( kMl. At inost iest pormts, t(re outer gasket rmr-

tributes mtore to the total shielding thit tire itieri
[isl, chtapier discusses te expet inents, carried our gasket. Figure 28 gives thre results ot gasket Isolatiotn

oLm lmit ENII/RFI doors to evaluate their shielding testing at 2.5 G~zl; [ere, the cutei gasket cleail pro-
effectiveness. durability, and mnaintainabilitx . It ,ilso vides more shielding than the inner gasket at all test
examines the effect of electroplating tin ointo the knife points. The data shtown tn Figure 25N %keie taken using
edge contacts of the double-mesh gasket door and onto the procedure outlined in IEEE 2141. in which the triaits,-
the beryllium-copper fingerstock contacts and door Milling horn Was Positiotned 0s ft I I .S it)tIIronm thre
jamb of the wiping/compression contact door. ceniter of the door. This plane wav e pirocedur e %4as, used

for (iris test oi it) more clearl,. show% thre [dative
Initially, all three doors were tested in the condition effects of the gaskets. (oirs~eietly - the sielding effec-

"as received" from the manufacturer. Figures 21 tiveness recorded whmere hour gaskets were in contact is
through 23 present the results of these initial tests at greater than shown in Figure 21 .
200 kHz and 2.5 Gliz for the double-tnesh gasket.
wiping/coirpression contact. and kinife edge contact Thle contacts on all three doors were cleaned agaitr
doors. All the doors are specified to pass 80 dB fronm with CL 100 cleaner and allowed to stand for 4 mionthis
150 kHz to 10 GlIz: hrowever, in thre "'as-received" (8 June 1Q481 to 14 October 198 1). During this ltle.
condition, only thle knife edge door passed this specifi- the doors were opened and closed aborit once or twice
cation at all test points, and theni only at 200 ki~z. per week, and thtus subjected to minimal wear. Shield-

ing effectiveness measurements were taken ott all the
Ray Proof Corporation, the manufacturer of the doors to examine the effects of 4 months, without

wiping/compression and knife edge contact doors, also nmaintenance. Figures 29 through 31I show the chanrge
manufactures a cleaner (CL 100) and a conductive in shrielding effectiveness at 200 kHz observed over tile
lubricant (LB 100) for the cleaning and lubricatiotn of 4-monith period. Ott all three doors. tise average shrield-
the beryllium copper contacts of their doors. The effects itig effectiveness fell by 10 dB or itore at tmosit thre
of these products on the wiping/compression contact test points. The double-tnesh gasket irad taken a comtt-
door were investigated separately. Figures 24 and 25 pression set, thus reducing tile contact pressure aruuid
show the shielding effectiveness of the wiping/coin- the door seal. Tire wiping/cotrpressiott cortact aird
pression door at 200 kHz and 2,5 GHz after cleaning, knife edge doors Itad developed a residue oit the coni-
and after cleaning and lubricating. At 200 kHz, the tacts. thtus increasing cotrtact resistance. Figure 3
cleaner alone brought the average shielding around the shows the residue on the knife edge door.



To determi:e if the shielding effectiveness of the tie E-II/RFI seal of this door. not did the addition of
wiping/compression and knife edge doors was restor- LB IO0 lubricant to the plated contacts. Figures 41

able. both were cleaned with CL 100 cleaner and lubri- and 42 give these results foi 200 kHi and 2.5 GHz
cated with LB 100 lubricant. Figures 33 and 34 show
the effects of this maintenance procedure for 200 kItz.
For both doors, tile shielding effectiveness was restor- 5 CONCLUSIONS
able to values well above 80 dB at all test points. Thus.
no irreversible loss of shielding effectiveness was ob-
served for tile beryllium copper contact doors. Tie data presented in thi- report have illustrated tIhe

need fot periodic maintenance of EMI,'RFI seals around

The double-mesh gasket door was subjected to a personnel access doors in shielded enclosures. Even
water test to determine the effect of moisture on its though all the doors were specified to pass 80 dB fiom
EMI/RFI seal. The gaskets were thoroughly moistened 150 kHz to 10 GHz. onl. orte could do this in) the as-
with tap water on 14 October 96i 1. and then tie door received condition. All seal designs studied showed
was closed until it was retested on IL) October. The rapid degradation of shielding effectiveness under con-
weather seal on tile door had kept the EMI/RFi gasket ditions of normal or infrequent use when no mainten-
wet for the 5 days. The door was allowed to stand ance was provided. Moisture was also found ,, have an

open for another 9 days so that the gaskets could dry extrerely detrimental effect on the shielding integritt
and then be retested. Figures 35 and 30 give these of all the seals. The electroplating of tin onto contact
results. Tie dried gaskets had acquired a white residue surfaces improved the shielding of a double-mesh gasket
which increased the contact resistance, thus lowering design by about 10 dB (Figures 39 and 40), but did not
shielding at most points, significantly affect the shielding capability of beryllium-

copper fingerstock contacts.
Similar moisture tests were conducted on the wiping/

compression and knife edge contact doors. Water was Although EMI/RFI door seals may comply with
sprayed on the lubricated contacts, and shielding effec- specifications initially. they degrade quickly with time
tiveness tests carried out 2 days later. Then the contacts and use ( 15 dB or more over a 4-month period with no
were cleaned of the lubricant, moistened again, and maintenance) and require periodic maintenance to
tested 10 days later. Figures 37 and 38 give these results. maintain seal quality (Figures 29. 30. and 31). Of tie
Moisture adversely affected the shielding effectiveness seals considered in this study, the berylliurn-copper fil-
of both beryllium-copper contact doors, even when the gerstock contact designs. if properly cleaned and lubri-
contacts were protected by the lubricant. cated. appear to be maintainable over periods of years.

However. the mesh gaskets studied are not as service-
The double-mesh gasket door was then cleaned with able, do not respond well to cleaning. and will probably

CL 100 cleaner and the compression set in the gaskets have to be replaced at least annually in order to main-
was pinched out as much as possible. Shielding effec- tain specified degrees of shielding.
tiveness measurements were taken at 200 kHz and 2.5
GHz (see Figures 39 and 40). Tin was then electroplated For the wiping/compression and knife edge contact
to the knife edge contacts of the double-mesh gasket doors, use of the cleaner and lubricant supplied by the
door according to the procedure given in Appendix B. manufacturer dependably improved shielding effective-

The intent of this procedure was to provide a lower ness only up to 80 dB. No recommended maintenance
contact resistance at the EMI/RFi seal. Tin was selected procedures were provided for the double-mesh gasket
since it is soft and could be expected to provide a good design; the cleaner used for the other designs was tested
blend as a contact. In addition, as tin corrodes, it pro- for this door, but did not significantly improve shielding
duces tin oxide, which is conductive. Thus, the corro- effectiveness.
sion of a tin-plated contact should not degrade (in-
crease) its contact resistance as much as other metals In both the double-mesh gasket and single-tmesh
that produce non-conducting oxides. The resulting im- gasket (Appendix A) door seal designs. the highest
provement in the EMI/RFI seal is shown in Figures leakage was consistently recorded along the door sill
39 and 40. on the latch side. This problem has two probable causes:

(1) reduced door closure force along this part of the
Tin was electroplated to the fingerstock contacts seal, and (2) the exposed mesh gaskets' vulnerability

and doe- jamb of the wiping/compression contact door to contamination by foreign matter from the feet of

(see Appendix B). However. the tin did not improve personnel.
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APPENDIX A: October N81~ to: 200 kHli and 2 5 Gliz. The results
SING LE-MESH GASKET DOOR, showed that the shielding eliectiveness at 200 kHz has
TACTICAL SHELTER continued to deteriorate well below the 60-dB specifi-

cation at all points tested. Although the plane wave
data did not show continued deterioration around the

As a foilowup to a previous study on tactical shelter door seal. the bO-dB specification was only met at two
shielding, at dooi with a singlc-mnesh gasket lEMl/RFl test points at this frequency.
seal was tested.' The door was onia bO-d13 S-280) tacticdil
shelter thiat had heen left outside in file weather sifice [igrie A7 piesents thle avelages (ovei tle test poinil
15 March 1979) (Figuie AlI). Figuics A-' and A3 show it ife stiitedmtg eltcctivenos% neasureenis taiken at1
the door frame and door edge. respectively. fl'c door '0t0 kit/. 2 Mlii, '0 Mtlii. and 2.5 GUli on 2') October
has a rubber weather gasket (which seals quite well). 1981 The only test frequency for which thle Jyei
and a single miesh EMI!RFI gasket just inside the old gasket mnet the 60-dil specification I on the average)
weather seal. The mesh gasket mates with a flame- was 20 Mliz. Based onl these results. it appears that a
sprayed aluminum surface on the door frame, as shown single-mesh gasket is not desirable foi use over a long
ini Figure A4. period of time.

The door had last been tested on I I September 1979.
Testing for this study was conducted on 29 October 3R. G. McCormrack. C Itahin. R L4MPo. And P Sonnen
l148I at eight points around the door at 200 kHz, 2 burg, Study of EJ1u/RFI Shielding of Ia~riwal Shelrt, I SL
MHz, 2-0 MHz. and 2.5 Gl-z. Figures AS and A6 pre- TR4O0-24/AD-H054 597L (Engineering Se,~ces t.t'Urjror
sent the test results from I1I September 1979 and 29 Department of the Air Force. April 19801
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APPENDIX B: tion adheres to tie nickel mote icadily Itan ito tie
ELECTROPLATING PROCEDURES aluminum.

5. Surfaces were rinsed with water, plated with tin
alkaline solution (L.D.C. #5001) at 12-V forward

The EMI/RFI seal contacts were brush-electroplated polarity, and rinsed again with water before testing.
using Liquid Development Company, Inc., solutions and
suggested plating procedures. Beryllium-Copper Contacts Plating Procedure

1. Surfaces were thoroughly cleaned with Ray Proof
CL 100 cleaner, followed by cleaning with acetone to

Double-Mesh Gasket Plating Procedure remove dirt and lubricant.
1. Surfaces to be plated were lightly sanded to

remove aladine coating and aluminum oxide. The sur- 2. The surfaces were lightly sanded with medium-
faces were then cleaned with acetone, grit emery cloth to remove oxidation. They were then

cleaned again with acetone.
2. Surfaces were "Electrocleaned" with L.D.C.-Ol

Electroclean solution at 10-V forward polarity and 3. The surfaces were "Electrocleaned" with L.D.C.-
rinsed with water. 01 electrically activated cleaning solution, using 12-V

forward polarity (door negatively charged. cleaning
3. The surfaces were etched with L.D.C.-02 activator tool positively charged).

and etch solution at 12-V reverse polarity to remove all
reminming oxidation and to allow plating solution to 4. The surfaces were rinsed with water to remove
adhere to the aluminum. Surfaces were then rinsed any remaining solution.
With water

5. The fingerstock and door jamb were plated with
4 T'ie surfaces were preplated with L.D.C. #2801 L.D.C. 5001 tin alkaline solution with 10- to 12-V

nmckel soluton to obtain initial adhesion. The tin solu- forward polarity.
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SHELTER INTERIOR RUBBER GASKET
/-KNIFE EDGE

/METAL MESH GASKET

/ KNIFE EDGE

SHEITER WALL PANEL / 'ALUMINUM EXTRUSIONS DO

LMETAL MESH GASKET
7RUBBER GASKET

SHELTER EXTERIOR

Figure 1. Schematic diagram of doubie-inesh gasket door seal.

Figure 2. S280 shelter prototype with double-mesh gasket door.
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CONT INUOUSLY
SOLDERED l

CONTACT-

FINGERS

\FLOOR PANEL

N I
Figure 5. Schematic diagram of wiping/compression contact ingerstock gasket door sea].
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SHIELDED DOOR

RECEIVING LOOP

- ~-SEAL POINT UNDER TEST

TRANSMITTING LOOP

SHELTER EXTERIOR SHELTER INTERIOR

Figure 16. Orientation of loop antennas for magnetic field tests % 200 kHz, 2 Mlii, and 20 MHz).

A L K

0 0

B J

Latch Side C ?I Hinge Side

D H

0 0

EF G

Figure 17. Test points for shielding effectiveness measurements.
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SHIELDED DOOR

-~./RECEIVING HORN

SEAL POINT UNDER TEST

tTRANSMITTER
HORN

SHELTER EXTERIOR SHELTER INTERIOR

Figure 18. Orientation of horn antennas for plane wave field tests (2.5 Gliz).

2.5 GHz, Test Technique Comparison

(Double-Mesh Gasket)

0 Moving Transmitter
11- E) Stationary Transmitter

(IEEE 299)

0

90

~50

40.

30-

I. 20

A 8 c 0 E F G H I J K L

Test Point

Figure 19. Shielding effectiveness measured on double-mesh gasket door with moving and
stationary transmitting horns (2.5 GHz).
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Magnetic Field Shielding Effectiveness Measurement Equipment

Wovetk EINStoddort
147 10 LNM-12AT
-Genrato RFField Intensity

Powe AmpMeter
Replace with EMC- 25
for 2 MHz Bk 20MHz

CERL LP-105
I2 Loop, 12 . Loop

Plane Wove Shielding Effectiveness Measurement Equipment

Ailtch SerryStoddort
189 AD44S2NM-65T
PowerReceiver

G"x 8" Aperture Horns

Figure 20. Shielding effectiveness measurement equipmnent.
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M-pn 0oKl tDo. ?w kill

I() Z1OkHz
IK) ['I 2 5 GHz

K))

I60

"bo.

I

30

2U

A B C 0 £ F G "I I 3

fast Point

Figure 21. Shielding effectiveness of double-mesh gasket door. initial tests (200 kliz, 2.5 Gliz).

Wiping/ Compresion Dow0 200 kil

Inlltal Tests 2 5 GHI

200 kHz

Ito 2 5 GHi

100

90

|A
5 0

U) 40

30

20

A C 0 E L I

Test Point

Figure 22. Shielding effectiveness of wiping/compression contact door, initial tests (200 klizt 2.5 GHz).
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Knif e Edgei Duo, 200 kHz

Itl Tests 2 5 G~lt

0 200 k~lz
ito U 2 5 hz

100

!0

U50

In 4
I-DQ0.~ tkf

20

Test Point

Figure 23. Shielding effectiveness of knife edge contaict door, initial tests (200 kHz. 2.5 GHz).

WpngqICompvromion oor 200 k~lz
Sefore arid After. Cleaning and Lubricating

(0 As Received
110. C3 After CeaIwt

SAfter Cleaning SLubricating

100.

90.

60

40.

30.

20

A~~ H i 0L 6 i .

Test Point

Figure 24. Shielding effectiveness of wiping/compression contact door,
before and after cleaning and lubricating (200 kl-z).
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Wic"n Conweesson Ootr 2 5 GHz
Before and After Cleaning and Lubricating

(2 As Received
110. 0 Aftler Cleaning

~Af ter Cleanm" 5 Lubricating

90-

7e0

~50

~40

30

'01

Test Point

Figure 25. ShieldinF effectiveness of wiping/compression contact door.
before and after cleaning and lubricating (2.5 GHz).

0ouble-Mesh Gasket Door 200 kHz
Befoare and After Cleaning

0 As Received

110 0 After Cleanung

90-

w .0

30.

20.2

Test Po

Figure 26. Shielding effectiveness of double-mesh gasket door, before and after cleaning (200 kliz).
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Douibi-,Mesh Gasket oor

Gasket Isolation Tests 200 kHz

0 Both Gaskets in Contat

iO. 0 Outer Goeks in Contact
A InnW Gaskets in Contact

too- Neither Gasket in Contact

90.

Go.

5s0

10.
30.

20.

Test Point

Figure 27. Shielding effectiveness of double-mesh gasket door, gasket isolation tests (200 kHz).

Double-Mesh Gosket Door

Gosket Isolotion Tests 2.5 GHz

) Both Gaskets in Contact

110 ( Outer Gasket in Contact
/ Inner Gasket in ContOcl

100 Neither Gasket in Contact

90

70

s o
Note; Plane Wove Test

40 as in IEEE 299

30.

20

Test Point

Figure 28. Shielding effectiveness of double-mesh gasket door, gasket isolation tests (2.5 GHz).
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Gouble-Mesh Gosket Door 200 klt
4 Months Aging

G14 Oct 81
110 --- 8 S Jun 81

00

90.

STO

~50A

in 40

30

20

Test Point

Figure 29. Shielding effectiveness of double-mesh gasket door after 4 months of aging (200 kHz).

Wiping/Compression Door 200 kHz

4 Months Aging

O14 Oct 81
loI G--- 8 Jun 81

90-

so.

40.

20.

Test Point

Figure 30. Shielding effectiveness of wiping/compression contact door after 4 months of aging (200 kHz).
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Wtping /Carneressor Contact Door
Effect of Cleaning anid LUitrication 200 k~tz

(D Tested After 4 Months w/a

1#0O Maintenance 14 Oct I

0 Tested After Contacts Cleaned

too and Lubed 16 Oct 81

90.

80so

70-

~60.

~50
~40

30-

20.

Test Point

Figure 33. Shielding effectiveness of wiping/compression door, effect of cleaning
and lubrication after 4 months of aging (200 kHz).

Knife Edge Oor

Effect of Cleaning and Lubrication 200 kHz

O Tested After 4 Mos. Aging

-0. 14 Ocf 81
o Tested After Clean 8 Lube

to. 16 Oct 81

90.

Sso.

.'50.

.0

30

20.

Test Point

Figure 34. Shielding effectiveness of knife edge door, effect of cleaning and
lubrication after 4 months of aging (200 kHz).
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Douotk-Mesh Gaskiet 200 k~z

Water Test

0 14 Oct 81 Before Welling

Ito 9 Oct 81 After WetIng. Still Wet

S28 Oct 81 After Dryin Out

Gastket Wetted With Top Woler
90 14 Oct 81 Doow Closed for 5 Days

!T0

5 50-

30

201

A a C b i i 0 14 x L

Test Point

Figure 35. Shielding effectiveness of double-mesh gasket door before and after addition oitt waer (100 kit/)

Dowife-Mesh Gaskiet 2.5 Gif

Water Test

0D 14 Oct 81 Before Wetting
110 9 I Oct81f After WeffngStiff We(

S28 Oct 81 Af ter Dryin Out
1OO

Gastket Wetted With Top wote

90 14 Oct1 61 Door Closed tor 5 Dove

so

in 40
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W ping/Cowmpreseron Door 200 kHz

Water Test, Water Applied to Lubricated Door, Dry Door

0 16 Oct 81Lubed Door

Ito
El 19 Oct 81 After 2-1/2 Days of

00. Water on LUbed Door

30 Oct 81 After I0 Days of

9 t TWater on Dry Door

c ta0

.e

Ui 40-

30.

201

A a C C 6 tI t at i x L

Test Point

Figure 37. Shielding effectiveness of wiping/compression door, water test on lubricated and dry door (200 kHz).

Knits Edge Door 200 kz
Water Test: Water Applied to Lubricated Door, Dry Door

0 16 Oct 81 Lubed Door
no.

9D 19 Oct 81 After 2-1/2 Days of
too-Water oan Lobed Door

S30 Oct 81 After 10 Days of
90. ~-Q -. ~ Water on Dry Door

o.

~50.

40

30-

20-

Test Paint I

Figure 38. Shielding effectiveness of knife edge door, water test on lubricated and dry door (200 kHz).
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Daubie-Mash Cma&t 200 kttz
Yin Plate

0 30 Oct I, Attet Cleaing /CL 100
OI E 30 OctSI, Atter Platingw/Tin

20.

a j 0 e r C t 1 Nx

Test Point

Figure 39. Shielding effectiveness of double-mesh gasket door before and after tin plating (200 kHz).

OasiirMeel, Gaset 2.5 GHl:
Tin Plaft

O 3Oct8l.Alter deOwi /CLl00
110 9 03 Nov 81, After Plating u/Tin

90

40,

20.

Test Pakn"

Figure 40. Shielding effectiveness of double-mesh gasket door before and after tin plating (2.5 GI-z).
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Wtingtq/Compresuion Door 200 kHz
Tin Plate

0 063Jun61 After Cleaning w/0-100
so No Lubricant

0 03Nov81 After Noatim u/Tin
IOD- No Lubricant

6 04 Nov 81 Noated wfLubricawt

90-

~40

20.

A 'a H G S J I

Test Point

Figure 41. Shielding effectiveness of wiping/compression door before and after tin plating (200 kHz).

Wiping /Comression Dowr, Z5 Gmz
Tin Plate

C)06Jun 81 After Cleantng u/CL 100
110 N4 Lubricant

003Nowv81 After Pltitng u/Tin

too- NO Lubricant

A04 Nov 1 Piled u/ Lubricant

P iso-

* 140-
30.

20

Test Point

Figure 42. Shielding effectiveness of wiping/compression door before and after tin plating (2.5 GHz).
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Figure Al. S-280 iacical shelter with single-mesh gasket door.

Figure A2. Single-mesh gasket door frame.
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Figure A3. Sigle-niesh gasket door edge.

EX*TERIOR /,T~HERMAL BARRIERS EIRIGSE

/ ~ OUTER SKIN

Z-ALUINUMLUMINUM EXTRUSION

SHELTER IFLAME-SPRAYED METAL SURFACE

-WEATH-ER SEA4L GASKET

Figure A4. Schematic diagram of single-mesh gasket door seal.
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Single-Mesh Gasket
200 kHz, 12" Coaxial Loop

0 11Sep79

110- ED 29 Oct 81

100-

90-

0

@170-C

~60-

G~ 50-

V) 40-

30-

20-

I 2 3 4 5 6 7 8

Test Point

Figure AS. Shielding effectiveness of single-mesh gaesket door after 2 yeaisot aging (200 klIz/.
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Single-Mesh Gasket

2.5 GHz, Plane Wave Test 1 1 GHz Plane Wave Test

11 lSep 79 (1GHz)
110 9D 29 Oct 81 (2.5 GHz)

100-

90-

Co 80-
101

C 70-

w

U) 40-

30-

20-

Test Point

FRem A6. Shielding effectiveness of single-mesh gasket door after 2 years of aging (2.5 GHz),
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